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Participants and procedure
Twenty right-handed healthy, non-smoking, and non-medicated Finnish male university students were randomized into training and control groups (n = 10) indistinguishable in age (19-33 years) , education, and neuropsychological performance (Table S1 ). They underwent structural MRI and medical examination. Before and after training, they were PET-scanned and performed an n-back working-memory transfer task outside the scanner. Time in-between pre-and post-training sessions was 6-9 weeks, with 5 weeks of training for the training group (3 sessions/week; 45 min/session) and no training for controls. The computerized updating training is described in detail elsewhere (1) . During PET scanning, we administered a computerized letter-memory updating task (7-15 letters in a sequence; when a sequence ended, subjects were to report the last 4 letters in correct order by pressing buttons corresponding to A, B, C, and D) and a structurally equivalent control task not taxing updating (all letters in a sequence were identical and subjects reported that letter). 
PET methods
We used high-resolution PET and [
11 C]raclopride with bolus-plus-infusion (10) to measure striatal dopamine D2 receptor availability during letter-memory updating vs. control task performance. Raclopride was prepared from [ 11 C]methyl triflate following an established procedure (11) . Its radiochemical purity and specific radioactivity were determined using high-performance liquid chromatography and ultraviolet detection at 214 nm. The aimed magnitude of the bolus was 50% of the total tracer volume as suggested in (12), and constant infusion continued until 105 minutes after bolus injection (Kbol = 105 min). At scan start, the actual bolus injection and infused doses did not differ significantly between groups or scans (Table S2) . Emission listmode data were histogrammed into 3D sinograms in 21 time frames of variable length (8x2 min, 4x3 min, 2x4 min, 1x5 min, 1x6 min, 1x8 min, 3x8.3 min and 1x25 min), taking declining radioactivity and task timing into account. Before each emission scan, a transmission scan was performed using a 137 Cs point source. Tissue-attenuation maps were reconstructed using the maximum a posteriori for transmission data (MAP-TR) algorithm with segmentation. Scattered events were estimated using the single-scatter simulation algorithm, and randoms were estimated from the block singles with a variance reduction algorithm. All corrections except motion correction were applied within the statistical image reconstruction as described in (13).
Subject motion was minimized by thermoplastic masks and monitored externally with an infrared detector during the transmission and emission scans. External motion recordings showed acceptable within-frame motion in most emission frames (mean < 3.2 mm in all frames), with no statistically significant differences between groups, scans, or tasks.
Moreover, neither within-frame nor frame-by-frame motion differed from baseline during the letter-memory task. Frame-by-frame motion was compensated by mutual information (MI) based co-registration, using the sum of initial frames as reference. After frame-by-frame coregistration, misalignment between the two PET sessions was compensated by MI-based realignment of summed images. Magnetic resonance (MR) imaging was made with a 1.5T
system, and T1-weighted MR images were co-registered with the sum of all PET frames (before and after training). A fusion image of PET sum-and co-registered MR images was used in a region-of-interest (ROI) delineation of cerebellum, caudate nucleus, and putamen, bilaterally. Fig. S2 shows typical time-activity course data in bilateral cerebellum and left caudate nucleus ROIs.
A kinetic model (S6) with cerebellum as reference region was used to generate ROI-based and voxel-wise maps of baseline binding potential (BP ND ) and statistical significance of change (Z-value of γ) in D2 receptor availability during the letter-memory task as compared with the control task. As with the h(t) in (7), we used a fixed gamma-variate function peaking at 15 minutes after letter-memory task initiation, and decaying into one tenth of the peak height in 20 minutes, based on minimization of fit residuals within striatum in the ROI-based analysis. To validate this method on our data, BP ND was also estimated using a standard method (14) during the first 55 minutes of data aqcuisition. A high correlation (r = 0.86-0.94) was observed between these two methods (7, 14) . Furthermore, for activation-related BP ND , 5-week test-retest variability (VAR%) and intraclass correlation coefficients (ICCs) were calculated for the control group (13), and acceptable consistency (mean VAR = 9%) and reliability (ICC = 0.7) were observed.
Statistical Parametric Mapping (SPM8) and an in-house developed [11C] raclopride template were used to obtain spatial congruity between the individual maps for group-wise voxel-level statistical analysis (15) . The data were low-pass filtered by convolving the Gz images using a
Gaussian kernel with 4 mm FWHM in all three dimensions. Because the images could not be assumed to be normally distributed, non-parametric analyses were conducted using SnPM (http://www.sph.umich.edu/ni-stat/SnPM/). A 2 (group) x 2 (time) ANOVA was conducted.
Variance smoothing was used with a FWHM of 10mm. 1000 permutations were used to determine a p < 0.01 threshold within the restricted striatal search space (maximum T value = 4.28, p < 0.002).
Figure S1
N-back performance before and after training in controls and trained participants. Error bars are standard errors.
